Planning Best Management Practices to Reduce Sediment Delivery from Forest Roads Using WEPP:Road Erosion Modeling and Simulated Annealing Optimization by James A. Efta & Woodam Chung
	 Original	scientific	paper
Croat. j. for. eng. 35(2014)2 167
 
Planning Best Management Practices 
 to Reduce Sediment Delivery from Forest 
Roads Using WEPP:Road Erosion Modeling 
and Simulated Annealing Optimization
James A. Efta, Woodam Chung
Abstract
Planning and implementation of road BMPs on a watershed scale can be a difficult task because 
of the need to prioritize locations while accounting for multiple constraints, such as the avail-
able budget, continuous maintenance, and equipment scheduling. Using simulated annealing 
(SA) as its heuristic optimizer, BMP-SA accounts for sediment being delivered to the stream 
network through incorporation of modeled road erosion predictions and alternative BMP op-
tions and scheduling for problematic road segments. BMP-SA was applied to the Glenbrook 
Creek watershed in the Lake Tahoe Basin in Nevada, US. WEPP:Road predictions were used 
to identify road segments posing an erosion risk and appropriate BMPs were identified for 
problematic segments. Using BMP-SA, modeled road-related sediment leaving the forest buf-
fer, thus entering streams, was minimized over the course of the planning horizon while 
considering budget constraints and equipment scheduling concerns. BMP-SA can be applied 
to any watershed but relies heavily on the perceived accuracy of road erosion predictions.











environmental	constraints	 in	 forest	planning	 (Rön-
nqvist	2003,	Weintraub	et	al.	1995,	Weintraub	2006).	
Application	of	heuristic	optimization	specifically	to	
environmental concerns, including sedimentation as-
sociated	with	roads,	has	only	occurred	more	recently	
due	to	the	complexity	of	such	spatially-explicit	plan-




To	minimize	 sediment-related	 impacts	of	 forest	
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Fig. 1 Map of Glenbrook Creek watershed vicinity, Nevada USA
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small	datasets;	and	2)	it	is	a	relatively	simple	yet	effi-





































































sedimen ti,j	 	 	Sediment	entering	the	nearest	water-
way	from	segment	i	during	planning	pe-
riod j 





Fig. 2 Changes in objective function value of the current solution during the simulated annealing optimization process
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Fig. 3 Flowchart describing adapted simulated annealing optimization
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ity	 (Fu	 et	 al.	 2010).	Among	 these,	WEPP:Road	has	
gained	traction	among	US	land	management	agencies	
including	 the	Lake	Tahoe	Basin	Management	Unit	
















































































Road width 1 ft – 300 ft
Road length 1 ft – 999 ft
Road gradient 3% – 99%
Fill slope length 1 ft – 999 ft
Fill slope gradient 3% – 99%
Buffer length 1 ft – 999 ft
Buffer gradient 3% – 99%
Coarse rock content 0% – 100%
Years of simulation time 1 yr – 200 yrs
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Each	road	segment	was	modeled	multiple	times	
using	WEPP:Road,	first	to	simulate	erosion	under	ex-
isting	 conditions	 then	under	 the	 range	 of	 possible	
BMPs	that	were	then	incorporated	into	BMP-SA	mod-
el	inputs.



















segment, including no treatment.




Table 2 Priority of BMP assignment for a given road segment
Condition Priority 1 Priority 2 Priority 3
Buffer slope > fill slope Outslope* Drain dips† Pave‡
Road slope > 17% Pave‡ Drain dips† Outslope*
Notes: *Delivery point reassigned to center of road segment. Not applicable on paved or graveled segments. †Drain dips applicable on any segment greater than 
46 meters (150 feet) in length. Segment length iteratively divided in half until segment length is less than 46 meters or sediment leaving buffer is zero. Not applicable 
on outsloped segments. ‡ If paving is already installed on a segment, no further BMPs can be installed










$ $ $ $ yrs
Outsloping 1,865/km 1,000 622/km 500 3
Drain dips 100/each 500 100/each 500 5
Pavement 15,2269/km 1,500 9,323/km 500 7
For	testing	purposes,	cluster	diameter	was	fixed	at	
305	 meters.	 If	 the	 same	 type	 of	 treatments	 were	
 scheduled	on	road	segments	that	are	located	within	
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drain	dips	 (Luce	and	Black	2001,	Elliot	 et	 al.	 2009,	
USDA	FS	2009).	In	addition,	there	are	limitations	for	
where	and	when	outsloping	may	be	an	applicable	
BMP.	Fig.	 6	 shows	 the	number	of	 segments	where	
BMPs	were	installed	in	each	period	for	all	three	mod-
Table 4 Predicted sediment leaving road and sediment leaving buffer in Mg yr–1 and Mg ha–1 yr–1 across the study area, Glenbrook Creek, NV. 
Average road width across each area of interest was used to calculate Mg ha–1 yr–1 values
Study area
Sediment leaving road Sediment leaving buffer
Mg yr–1 Mg ha–1 yr–1 Mg yr–1 Mg ha–1 yr–1
Entire study area 49.9 13.6 2.7 0.7
Glenbrook watershed 19.0 7.0 1.4 0.5
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Fig. 4 Sediment leaving buffer through the 20 year planning horizon at various budgets under three modeling scenarios
Fig. 5 Number and type of BMP installed in period one at varying initial budget per period resulting from the new BMP installation only sce-
nario
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Fig. 6 With varying initial budget, number of periods required by BMP-SA to install all new BMPs. Black bars represent the new BMP instal-
lation only scenario, white bars represent the new BMP installation and maintenance scenario, and gray bars represent the existing BMP 
maintenance, new BMP installation, and new BMP maintenance scenario
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4.5 Existing BMP maintenance and new BMP 
installation and maintenance 













maintenance	 costs,	 the	 solution	 became	more	 con-




4.6 Discussion of BMP-SA modeling results
Optimized	solutions	by	BMP-SA	for	different	bud-
gets	show	that	the	model	was	able	to	produce	cost-














































Table 5 Predicted effectiveness of BMPs (in terms of sediment savings) assigned to problematic road segments. Average road width across 
all segments with the same BMP assignment was used to calculate erosion rates
BMP Number assigned
Minimum effectiveness Maximum effectiveness Mean effectiveness
Mg ha–1 yr–1 Mg ha–1 yr–1 Mg ha–1 yr–1
One drain dip 33 0.00 0.11 0.02
Three drain dips 7 0.02 1.51 0.53
Seven drain dips 3 0.77 2.56 1.65
Outslope segment 20 0.00 0.59 0.06
Pave segment 5 -1.37 -0.01 -0.52
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considerations.	 The	 solutions	 presented	 here	 used	
modeled	WEPP:Road	 erosion	 estimates	 as	well	 as	

















ate	 intervals	 in	perpetuity,	 otherwise	money	 spent	
installing	BMPs	is	not	worthwhile.	In	addition,	this	
modeling	process	relies	on	the	accuracy	of	road	sedi-
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